Paracetamol (Fig. 1 ), alternatively referred to as N-acetyl-p-aminophenol or acetaminophen, is now a commonly used analgesic, which is readily available to the public without prescription. It is also a constituent of a number of mixed preparations that are obtainable only by prescription in the United Kingdom. It may also be found in the body as a metabolite of acetanilide or phenacetin. Its hepatotoxicity when ingested in large amounts has led to considerable interest in the measurement of plasma concentrations in cases of overdose, and consequently much information on methodology has accumulated over the last few years. Dordoni et af. (1973) performed ether extraction of sodium chloride saturated plasma and then simply measured the extinction of the extract at 250 nm, Although the original authors had reservations about the specificity and sensitivity of the technique, other workers have since claimed very satisfactory performance (Spooner et af., 1976) . There are also other methods of this same general type in use, some of them unpublished, employing alternative solvents.
Simple extinction measurement

Differential extinction
This is a slightly more sophisticated technique that attempts greater specificity by relying on the premise that if a compound has a differential extinction curve exhibiting a peak at a wavelength corresponding to the isosbestic point of a second compound, then the first compound can be quantitatively estimated in a 
UV SPECTROPHOTOMETRY
These methods usually include some form of extraction procedure before quantitation by measuring the extinction due to the drug. Ether is the most popular solvent for this purpose, and extraction is aided by prior saturation of the plasma with a salt, usually sodium chloride. The methods currently available for the estimation of plasma paracetamol may be divided into four main groups. The first of these involves measurement, by ultraviolet (UV) spectrophotometry, of the extinction due to the compound itself; the second is based on formation of a coloured reaction product or diminution of colour; the others involve gas-liquid chromatography (GLC) or high-performance liquid chromatography (HPLC) .
Methods
mixture of the two. Routh et at. (1968) took advantage of this to measure paracetamol in the presence of salicylic and acetyl salicylic acids. The initial ether extract was back-extracted into 0·4 % sodium bicarbonate solution, which was subsequently divided into two parts, one acidified and the other made alkaline. The extinction of the alkaline portion was then read against the acid portion at 266 nm, the isosbestic point for the salicylic acids, so that they would make no contribution to the reading. The differential extinction spectrum of paracetamol has certain characteristic features which facilitate identification (Fig. 2 ). These include:
(1) a maximum positive extinction difference, that is, a peak, at 266-270 nm; (2) a maximum negative extinction difference, that is, a trough, at 230-235 nm; (3) an isosbestic point at 247-250 nm; (4) a shoulder on the peak at 290-300 nm. It is therefore now common practice to scan extracts in order to confirm the presence of paracetamol before taking readings at 266 nm.
The procedure has been shortened slightly by omitting the sodium bicarbonate and extracting instead into sodium hydroxide solution. One such modification was described by Varley et at. (1976) and attributed to Gibson (1972) , although details of the modification were not actually given in the original reference.
Some workers experienced difficulties owing to emulsion formation during ether extraction, and an altemative procedure was suggested by Knepil (1974) to overcome this when analysing whole blood. This involved precipitating proteins by adding ethanol and ammonium sulphate and shaking with chloroform. The organic extract was then evaporated, the residue dissolved in ether, and then back-extracted into sodium bicarbonate solution, continuing according to Routh et at. (1968) but using the differential extinction at 290 nm for quantitation.
COLORIMETR Y
The earliest methods of paracetamol estimation were based on colorimetric techniques, but these tended to decline in popularity in favour of the spectrophotometric procedures. However, the description of new methods and improvements to older ones have recently caused a resurgence of interest in colorimetric techniques.
Conversion to p-aminophenot
Hydrolysis of paracetamol to p-aminophenol has frequently been employed as a preliminary step in colorimetric methods for paracetamol estimation. Lester and Greenberg (1947) prepared a protein-free filtrate, extracted into dichloroethane and then into K. Wiener alkali, hydrolysed to p-aminophenol by heating with acid, and then developed the colour using ex-naphthol and sodium hydroxide. The colour was extracted into butanol and measured at 635 nm. Brodie and Axelrod (1948) extracted directly into diethyl ether containing isoamyl alcohol (1'5 %v/v) without prior protein precipitation. The isoamyl alcohol was said to minimise adsorption of paracetamol on to glass. After extraction back into sodium hydroxide, the solution was acidified and heated to achieve hydrolysis. The resulting p-aminophenol was diazotised and coupled to ex-naphthol, giving a red-violet colour, which could be measured at 510 nm, A combination of these two methods was described by Gwilt et at. (1963) in a technique involving ether extraction in a Soxhlet thimble and colour development according to Lester and Greenberg (1947) . This was claimed to give 2·5 times the sensitivity of the earlier procedures. Welch and Conney (1965) published a method for paracetamol estimation in urine. In this case, organic extraction was omitted, p-aminophenol being formed by direct acid hydrolysis, and colour developed by coupling with phenol in the presence of hypobromite to form a blue indophenol dye, which could be measured at 620 nm. A similartechnique was applied to serum by Tompsett (1969) ; but it was found necessary to include a chloroform extraction after the initial acid hydrolysis and subsequent neutralisation of the medium. The p-aminophenol was reextracted from the chloroform into molar hydrochloric acid and the indophenol reaction was performed using o-cresol and ammonia. It is important in this and other methods which measure p-aminophenol to avoid allowing the pH to rise above neutrality, becausep-aminophenol becomes unstable in alkaline conditions. Wilkinson (1976) modified the procedure of Tompsett (1969) by substituting perchloric acid for hydrochloric, thus simultaneously deproteinising the plasma and providing an acid medium for hydrolysis. The organic solvent extraction was found to be unnecessary, and the period of hydrolysis was shortened from 40 min at 100°to 15 min in an autoclave at 135°. Colour development in the presence of perchloric acid was said to be instantaneous compared with 25 min in hydrochloric acid. A further improvement was claimed by Love (1977) , who shortened the hydrolysis time to 10 min in a boiling water bath.
Dye reaction
The dye, 2,2-diphenyl-l-picrylhydrazyl, is a violetcoloured, stable, free radical, which reacts with secondary and tertiary aromatic amines and some of their derivatives to form the yellow diphenylpicrylhydrazine with consequent decrease in intensity of 
Nitration
Paracetamol is nitrated by nitrous acid under mild conditions to yield a yellow product, which becomes a more intense orange-red in alkali ( Fig. 3 ). This reaction was used by Chafetz et al, (1971) to measure paracetamol in pharmaceutical preparations, and subsequently applied to plasma by Glynn and Kendal (1975) . No preliminary extraction is required, but proteins are precipitated with trichloracetic acid, and the supernatant is treated with nitrous acid. The solution is then made alkaline and the extinction read at 430 nm.
GAS-LIQUID CHROMATOGRAPHY
One of the difficulties experienced in the measurement of paracetamol by GLC has been 'tailing' of peaks owing to the polar nature of the compound, and attempts to overcome this have usually involved derivative formation. Prescott (1971a) extracted paracetamol from plasma using ethyl acetate, which was then evaporated and the residue treated with N-trimethylsilylimidazole (TMSI), an agent which selectively silylates -OH groups. Phenacetin, having no -OH group, is unaffected; but the technique can be adapted for simultaneous phenacetin estimation if N,O-bis(trimethylsilylacetamide) (BSA) is used as the silylating agent, since this acts on both -OH and -NH-groups. p-Chloroacetanilide was used as an internal standard with a retention time of about 9 min compared with about 15 min for paracetamol on a column of 10% OV 17 on GasChrom Q (80-H)() mesh) at 200°.
The disadvantages of this method include the occurrence of a broad solvent front when TMSI is used; and when BSA is employed, the resulting diTMS derivatives are susceptible to hydrolysis. In addition, the less specific action of BSA produces reactions with other plasma constituents. In an attempt to overcome these problems, Thomas and Coldwell (1972) suggested the use of a more powerful silylating agent (Regisil). They also found that saturating the plasma with sodium chloride and extracting with ether gave clearer extracts and fewer extraneous peaks on chromatography. Prescott (1971b) himself published a modification in which silylation was replaced by acetylation and N-butyrylp-aminophenol was substituted as the internal standard. Retention times for phenacetin, paracetamol, and internal standard were reduced to 1,6, 3'4, and 4·5 min, respectively, on a column packing of 3 % HI-EFF 8BP on Gas Chrom Q at 220°.
A rapid GLC method was described by Grove (1971) , in which derivative preparation was avoided. Ether extraction was performed from plasma saturated with ammonium sulphate rather than with sodium chloride because recovery was found to be better. The ether extract was evaporated and the residue redissolved in a small volume of ether, which was injected on to the column of FFAP on Aeropak 30. Retention time for paracetamol was 6·5 min compared with 11 min for the internal standard (diphenyl phthalate). Some tailing of the peak occurred, and there was a large peak at about 13 min, which could be eliminated by preliminary protein precipitation, although it was felt that this delayed the assay unnecessarily. Stewart and Willis (1975) also successfully avoided derivative preparation. They extracted into chloroform, which they found gave fewer contaminating .,,·irJ Chambers and Jones (1976) reduced reagent volumes to achieve greater sensitivity, and Wiener (1977) recommended the use of a serum blank correction to compensate for non-specific plasma chromogen, which was found to be equivalent to a paracetamol concentration of between 20 and 86 ILmol/1. He also advocated pipetting off a fixed volume of supernatant after protein precipitation, rather than simply decanting, as originally described.
Winthrop Laboratories (Surbiton upon Thames, Surrey) produced a kit based on this nitration technique and designed for use at the bedside (Kendal et al., 1976) . However, quantitation is only approximate, requiring comparison with a colour transparency. This, together with other technical problems, led to an unfavourable report on the kit (Stewart and Barclay, 1976) . Widdop (1976) also encountered problems but still considered the kit to be 'an invaluable aid to diagnosis and treatment', especially if laboratory estimations are not readily available at all times. the violet colour. This was used by Routh et al, (1968) as a means of measuring paracetamol in plasma.
In order to separate paracetamol from other compounds which would react, they added sodium sulphate and sulphite to the plasma and then extracted into dichloroethane containing 3 % isoamyl alcohol. Dye was added to the organic extract and heated for one hour at 60°, after which the extinction was read at 527 nm; the decrease in intensity compared with a blank was proportional to the amount of paracetamol present. peaks, and used N-butyryl-p-aminophenol as internal standard. On a column comprising 3 % cyclohexane dimethanol succinate on acid-washed, silanised Chromosorb W at 240 0 , the retention time for paracetamol was about 8 min and for the internal standard about 11 min.
A more elaborate procedure was devised by Street (1975) , who felt that derivative formation was essential to prevent 'tailing'. He extracted plasma plus internal standard (N-butyryl-p-aminophenol) with ether and then back into 5 %sodium carbonate solution. Benzoyl chloride was added to form the benzoyl derivatives, and these were extracted into ether, which was evaporated; the residue was taken up in acetone and injected on to the column packed with Chromosorb G coated with silicone gum rubber, SE-52. The retention time for O-benzoyl paracetamol was about 12 min. In order to provide a second criterion for identification of paracetamol, the remainder of the acetone extract was treated with BSA and the resulting N-TMS derivative was chromatographed. Dechtiaruk et al. (1976) described a method in which the stable O-heptyl-N-methyl derivative was formed. They found this gave a symmetrical peak with no evidence of adsorption on to the column. Sequential alkylation was performed, the phenolic hydroxyl being alkylated off-eolumn using heptyl iodide and the amide group on-column with trimethylanilinium hydroxide. N-propionyl-p-aminophenol was used as internal standard. There was a preliminary extraction into ether/toluene and backextraction into sodium hydroxide solution. This was then buffered to pH 6'8, saturated with sodium chloride, and again extracted into ether before drying down for derivative preparation. Using temperature programming and a column packing of 3 % OV 17 on Gas Chrom Q, retention times were under 5 min for both paracetamol and internal standard. Hackett and Dusci (1977) combined an unusual extraction procedure with quantitation by GLC. Plasma was mixed with a preparation consisting of borate and celite, and then transferred to a chromatography column through which diethyl ether was passed to elute the paracetamol. Diphenyl pyraline, the internal standard, was then added and the solvent was evaporated. Pyridine and acetic anhydride were added to the residue to effect acetylation, and the resulting solution was injected on to the column.
The above methods all employ flame ionisation for detection and quantitat ion, but recently a technique has been described in which GLC was linked to chemical ionisation mass spectrometry for the estimation of both phenacetin and paracetamol (Garland K. Wiener et al., 1977) , the advantage of this technique being increased sensitivity over more conventional methods.
HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY
This relatively new technique is finding increasing application in the measurement of paracetamol levels in biological fluids, sometimes in specialised research situations, but also in a more routine context. One of the advantages of the technique is that it is usually unnecessary to prepare derivatives before chromatography.
A fairly complex HPLC system has been used to investigate paracetamol metabolism in man (Mrochek et al., 1974) . This system involved anionexchange chromatography with detection and quantitation of paracetamol and its metabolites using both ultraviolet and cerate oxidimetric detectors, the cycle time for the process being 24 h per sample. Riggin et al. (1975) utilised a rather unusual detector system, a thin layer electrochemical transducer. Plasma proteins were precipitated with perchloric acid and the supernatant was extracted with ethyl acetate. This was washed with buffer to remove as much uric acid as possible and then evaporated to dryness, and the residue was redissolved in 0·04 mol/I sulphuric acid before injection on to a pellicular polyamide column.
Ether extraction was used by Wong et al. (1976) , and the final residue was taken up in a chioroform/tetrahydrofuran mixture before injection into a mobile phase containing these two solvents. An ultraviolet detector was employed and the retention time for paracetamol was about 3 min. It was claimed that recovery was almost complete and the procedure so simple that no internal standardisation was necessary. Gotelli et al. (1977) described a procedure which determined paracetamol and phenacetin simultaneously and included internal standardisation with acetanilide. It also required smaller volumes of plasma (0'5 ml). Ethyl acetate extraction and ultraviolet detection were used, and the two drugs and internal standard were all eluted within 5 min of injection.
Most procedures have included extraction from plasma into organic solvent, but Blair and Rumack (1977) used direct injection of microsamples mixed with internal standard (N-butyryl-p-aminophenol). However, it was necessary to employ a changeable pre-column to prevent column damage due to protein deposition. They used a cation exchange resin and ultraviolet detection at 254 nm. Retention times for paracetamol and the internal standard were 32 and 50 min, respectively. Horvitz and Jatlow (1977) favoured a reverse-phase system on the grounds of greater versatility and smaller consumption of organic solvents. The column packing was octadecylsilane-eoated silica. Elution was performed with acetonitrile in potassium phosphate solution, and the eluate was monitored at 250 nm. Retention time for paracetamol was 5·1 min and for N-propionyl-p-aminophenol, 6·2 min. Linearity was claimed over the range 66-662 /Lmol/I, and the method was said to be suitable for both overdose and therapeutic situations.
Interferences
Although a considerable amount of information has accumulated regarding both interference and freedom from interference by other agents and drugs in paracetamol assays, it is still far from complete. Furthermore, it is important to remember that many reports of non-interference are based on behaviour of the pure drug added to the assay system. This does not necessarily mimic the situation in the plasma of a patient ingesting the drug, when interfering metabolites may be present. An excellent example of this is salicylate, which interferes in some methods where acetylsalicylic acid has no effect. It is therefore important to be cautious and avoid drawing invalid conclusions from such reports.
UV SPECTROPHOTOMETRIC METHODS
According to Spooner et al. (1976) , the method involving simple extraction into ether (Dordoni et al., 1973) is susceptible to slight interference from salicylate, phenobarbitone, and methaqualone and to considerable interference from phenylbutazone. Gazzard et al. (1977) also found interference from dichloralphenazone but claimed freedom from salicylate interference. The procedure of Routh et al. (1968) eliminates salicylate interference by the differential extinction technique; but problems are still encountered with oxyphenbutazone and phenylbutazone (Wiener et al., 1976) . Spooner et al. (1976) claimed that barbiturates interfered in the Routh technique, but the author of this review has not found this to be a problem provided the extraction procedure is used as originally described, that is, including the sodium bicarbonate step. If this is omitted and the ether fraction is extracted with sodium hydroxide, then barbiturates do interfere. The possibility of interference from these and other drugs makes scanning an imperative step in the assay procedure, since anomalous traces raise suspicions of the presence of compounds other than paracetamol, whereas simply reading at a fixed wavelength gives no indication of this. In the author's experience, ether which has deteriorated in quality can also lead to anomalous traces in the Routh method, with disappearance of the trough at 230 to 235 nm and consequent blurring of the peaks. This is, of course, apparent in both tests and standards, so the cause should be readily identifiable. Knepil (1974) illustrated the differential spectra for a number of drugs subjected to his assay method. Acetylsalicylic acid, diazepam, glutethimide, methaqualone, and phenacetin showed no interference. Barbiturates, salicylic acid, chlordiazepoxide, chlorpropamide, glymidine, tolbutamide, and theophylline all gave differential spectra in the region of 225 to 350 nm. However, they were sufficiently different from that of paracetamol to avoid confusion. Using the extinction at 290 nm for quantitation eliminated interference from most of these, but salicylate still appears to make a contribution at high concentration even here.
COLORIMETRIC METHODS
Methods involving p-aminophenol formation
Diazotised primary aromatic amines, including sulphonamides, react with ex-naphthol to give a red colour (Simpson and Stewart, 1973) . The indophenol reaction is rather more specific and is not subject to sulphonamide interference. Wilkinson (1976) found no interference from barbiturates, salicylate, chlorpromazine, diazepam, frusemide, imipramine, lithium, phenytoin, primidone, sulthiame, thyroxine, or glutethimide.
Diphenylpicrylhydrazyl method
This method, as described by Routh et al. (1968) , was found to be free from interference by acetylsalicylic acid, salicylic acid, salicylamide, and caffeine; but potentially, secondary and tertiary amines, which successfully negotiate the extraction procedure, are likely to interfere. A small contribution may be made by naturally occurring amines in plasma.
Nitration method
The method of Glynn and Kendal (1975) was initially claimed to be free from interference by salicylate, and although acetylsalicylic acid gives no reaction, this has now been shown not to be the case for salicylate itself (Mace and Walker, 1976) . Based on experimental findings, these workers derived an expression relating the apparent paracetamol concentration to the actual salicylate concentration in plasma specimens containing no paracetamol. The relationship they found is described by the equation
where P is the apparent paracetamol concentration in /Lg/rnl and 8 is the salicylate concentration in mg/dl. This relationship has been confirmed experi-mentally in this author's laboratory; but a smaller intercept was found, probably accounted for by the use of a serum blank. Converting to SI units, the equation becomes p = 64S + 46 where P is the apparent paracetamol concentration in ILmol/1 and S is the salicylate concentration in mmol/l, Therefore correction can be made to take account of any salicylate present, but of course this requires a salicylate estimation to be performed additionally.
Another step suggested by Mace and Walker (1976) , to minimise interference by salicylate, was measurement at 450 nm instead of at 430 nm. This, they claimed, reduced interference by 60 %. However, I found a much smaller reduction in interference, and, of course, the sensitivity to paracetamol itself is slightly reduced by this modification.
Salicylamide also interferes (Chafetz et al., 1971) and, although rarely prescribed, it is an ingredient of some proprietary analgesics. Phenacetin also has a slight effect, exhibiting about 5% of the chromogenicity of a solution of paracetamol of the same concentration (w/v) (Chafetz et al., 1971) . Some sulphonamides potentially interfere, but no problems were encountered with preparations containing sulphamethoxazole (eg, Septrin, Bactrim) and there was no interference from phenylbutazone or oxyphenbutazone; haemolysed, icteric, and turbid specimens did not lead to appreciable error (Wiener, 1977) . No interference was observed with chlorpropamide, dihydrocodeine tartrate, glibenclamide, metronidazole, tolazamide, or tolbutamide. Glynn and Kendal (1975) found no interference from amphetamine, diazepam, nitrazepam, phenytoin, imipramine, and barbiturates. Prescott (1971a) noted no interference from caffeine, codeine, acetylsalicylic acid, or barbiturates; but Kalra et al. (1977) found interference from phydroxyphenylacetic acid in urines analysed according to Thomas and Coldwell (1973) . Stewart and Willis (1975) reported no interference from barbiturates in their method. However, Street (1975) maintained that cyclobarbitone and heptabarbitone interfered in this type of procedure and that barbiturates could interfere in the technique of Prescott. Dechtiaruk et al. (1976) observed interference from primidone in their method, but none from salicylate, phenobarbitone, phenytoin, p-aminophenol, or phenacetin.
GAS-LIQUID CHROMATOGRAPHY
HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY
Using their method, Blair and Rumack (1977) found K. Wiener no interfering peaks in specimens from patients on salicylate, phenobarbitone, pentobarbitone, carbamazepine, chloramphenicol, diazepam, digoxin, ethchlorvynol, lignocaine, methosuximide, primidone, procainamide, quinidine, and theophylline. However, theophylline interfered in the method of Gotelli et al. (1977) . Salicylate also potentially interfered, but the extraction procedure virtually eliminated it from the final extract.
In the technique described by Horwitz and Jatlow (1977) , hydrochlorothiazide emerged simultaneously with paracetamol; sulphadiazine had a similar retention time to the internal standard. Each of these compounds was partially extracted. However, no interference was observed with phenacetin, p-aminophenol, salicylic acid, caffeine, theophylline, theobromine, allopurinol, frusemide, tolbutamide, chlorpropamide, sulphisoxazole, sulphamethoxazole, tetracycline, chlorpromazine, imipramine, chlordiazepoxide, diazepam, phenytoin, and various barbiturates.
Selectivity of assay
Quite apart from possible interferences by other drugs and compounds, it is important to know what form of paraceta mol is being measured. For example, methods which include preliminary extraction of the plasma with organic solvent will measure only the unchanged drug, since conjugates such as glucuronides and sulphates will not be extracted. This applies to most spectrophotometric and GLC methods. Conjugates are also said to have no effect in the Glynn and Kendal (1975) method. Procedures requiring prior conversion of paracetamol to p-aminophenol by acid hydrolysis will include conjugates in the result unless extraction into organic solvent is first performed. It is worthy of note that, although the method of Tompsett (1969) includes chloroform extraction, this step succeeds the hydrolysis and so conjugates are measured.
Some HPLC techniques have no organic extraction step, and this may allow quantitation of both conjugates and unchanged drug by separation on column. Blair and Rumack (1977) made no mention of conjugates in their paper, but Mrochek et al. (1974) reported that the levels of conjugates may be higher in serum than those of the unchanged drug two hours after ingestion. White (1976) , measuring both unconjugated and total (unconjugated plus conjugated) paracetamol in 18 patients, found that the unconjugated fraction varied between 35 % and 99 %of the total. It is therefore obviously important to understand the principles of assay procedures when interpreting results and when comparing results obtained by different methods. Using pro-cedures that do not normally assay conjugates, their measurement can often be achieved by prior enzymatic hydrolysis. Street (1975) pointed out that, although the unconjugated drug may be the species of greatest interest in the clinical situation, for forensic work it may be better to measure the total amount of drug present.
Precision
The precision of the different methods has been investigated by various groups of workers in different ways and at different levels of concentration. The figures extracted from the literature and presented in the Table refer to analyses performed on serum, plasma, or blood and in most cases are betweenbatch data.
Recovery and standardisation
Recovery problems with GLC and HPLC methods should be minimised by the use of a suitable internal standard with similar extraction characteristics to paracetamol. However, spectrophotometric methods are more susceptible to poor or variable extraction 193 from plasma. It has been said (Varley et al., 1976) that, under good conditions, about 80 % of paracetamol is extracted from serum into ether and that a standard in serum should be used to compensate for this low recovery. However, other reports suggest that recovery can be higher than this (Table) . Nevertheless, poor recovery can result from inadequate shaking or formation of emulsions. In fact, recommendations for performing extraction from plasma into ether vary from shaking mechanically for 15 min (Routh et al., 1968) to mixing gently by inversion for 30s (Spooner et al., 1976) . In my experience, mechanical shaking for 3 min has given adequate extraction with avoidance of emulsification. Using this technique, recovery from human plasma compared with aqueous standards was found to vary between 92 %and 98 %. Recovery from horse serum (Equitrol) was only 75 %to 81 %and was associated with a greater tendency to emulsification. Therefore, if it is considered necessary to use a standard in serum, it is important to ensure first that the type of serum employed as a base has the same extraction characteristics as the human plasma or serum under test. Alternatively, the recovery from human plasma could be determined and an appropriate correction Gwilt et al. (1963) Wilkinson (1976) Diphenylpicrylhydrazyl (i) Routh et al. (1968) Glynn and Kendal (1975) (i) Varley et al. (1976) Wiener (1977) GLe Prescott (l97Ib) Grove (1971) Stewart and Willis (1975 ) Dechtiaruk et al. (1976 ) Hackett and Dusci (1977 HPLC Blair and Rumack (1977) Gotelli et al. (1977) Horvitz and latlow (1971) factor applied to test results. An internal paracetamol standard could be used, but this would necessitate additional assay tubes.
Colorimetric methods in general seem to offer fewer obstacles to good recovery; published figures are listed in the Table. Using a modification of the nitration method, I found recovery from horse serum to vary between 95% and 102'5% (mean 98 %), and similar figures were obtained for human plasma.
Comparison of methods
CORRELATION STUDIES
The small number of studies that have included comparisons of test results by two or more methods have shown good correlation between the colorimetric nitration method and GLC (Chambers and Jones, 1976) ; between GLC and the spectrophotometric method of Routh et al. (Dechtiaruk et al., 1976) ; between the colorimetric nitration method and the spectrophotometric method of Routh et al. (Wiener, 1977) ; and between HPLC and the colorimetric nitration method (Gotelli et al., 1977) . But Martin and Powell (1976) obtained significantly lower results by the nitration method when compared with the spectrophotometric procedure of Routh et al.
As discussed earlier, correlation between these methods and those measuring p-aminophenol could not necessarily be expected.
LINEARITY
The differential extinction method of Routh et al. (1968) is linear up to about 1300 p.molfl, that of Knepil (1974) up to about 930 p.mol/I, and that of Dordoni et al. (1973) up to 1000 p.mol/I when performed according to Spooner et al. (1976) . The colorimetric technique of Glynn and Kendal (1975) is linear at least up to 3000 p.mol/I, but modifications to increase sensitivity will lower this limit. Wilkinson (1976) claimed linearity up to almost 2000 p.mol/I for his colorimetric method, as did Stewart and Willis for their GLC technique. The HPLC method of Blair and Rumack (1977) was linear up to at least 660 p.mol/I, that of Gotelli et al. (1977) up to 2650 p.mol/I, and that of Horvitz and Jatlow up to 660 p.mol/l.
SPEED OF ASSAY
The simpler spectrophotometric methods and the colorimetric method of Glynn and Kendal (1975) probably offer the greatest speed of analysis. Even the more complicated spectrophotometric methods may still be quicker than the majority of GLC and HPLC techniques because, unless retention times are short, separate runs for standards and quality control K. Wiener specimens add significantly to the total assay time for the batch, and in most cases preliminary extraction is still necessary. In methods based onp-aminophenol formation, the hydrolysis step is a source of considerable delay unless an autoclave is used. One report has suggested, without supporting evidence, that boiling for 10 min is adequate (Love, 1977) .
General considerations and choice of method
The final choice of method will depend on a number of factors, not least of which is the availability of the necessary equipment and expertise. If one wishes to measure therapeutic levels of paracetamol, then a relatively sensitive and specific method will be needed and HPLC or GLC may be the most suitable technique. However, most clinical biochemistry laboratories are required to estimate plasma paracetamol in situations of suspected overdose, when concentrations are likely to be high and treatment of the patient may be delayed until the result of the analysis is available. Therefore, some degree of compromise may be allowed between what is analytically desirable and what is expedient.
Until recently, the differential extinction technique of Routh et al. (1968) was probably the most popular, but the introduction of the quicker colorimetric nitration method (Glynn and Kendal, 1975) has led to the replacement of the spectrophotometric procedure in many laboratories. It has the additional advantages of requiring only simple, fairly inexpensive equipment and of being amenable to performance by relatively junior or inexperienced staff. It is also well suited to the measurement of high plasma paracetamol levels. Its susceptibility to interference from salicylate is its big disadvantage, necessitating simultaneous salicylate assay and application of a correction factor if any is detected.
The rapid spectrophotometric method of Dordoni et al. (1973) has its protagonists (Spooner et al., 1976) , partly because of its sensitivity. But it has been pointed out that, without modification, the limit which this very feature imposes on linearity restricts its usefulness in cases of overdose (Wiener and Longlands, 1977) . It can also be criticised for lack of specificity. From a laboratory safety point of view, misgivings have been expressed regarding the use of ether as an extraction solvent, and Stewart and Willis (1975) successfully replaced this with chloroform in their GLC procedure. The colorimetric techniques based on paracetamol conversion to p-aminophenol tend to yield higher results than other methods because they usually include conjugates, and the hydrolysis step may be a source of considerable delay. However, those using the indophenol reaction do appear to be comparatively free from interference.
Variable recovery may be a source of error, especially in techniques involving solvent extraction. It is a wise precaution to check in one's own laboratory the range of recovery of paracetamol added to human plasma or serum and to ensure that similar recovery is obtained from any serum used as a base for a standard.
Conclusions
Recently, new procedures have been introduced for the assay of paracetamol in plasma and much modification of these and older methods has occurred in response to the demand for improved techniques. The situation is still volatile, and doubtless further changes will occur, possibly resolving some of the problems which remain. At present no single method stands out as offering all-round advantages over the others, and ultimately the choice of method will depend on prevailing circumstances in the laboratory and the clinical situations in which the assay is to be used.
